Antigenic differences between three of six equine influenza virus (H3N8) MDCK cell-and egg-derived pairs have been demonstrated using monoclonal and polyclonal antibodies. Sequencing of the haemagglutinin (HA) genes revealed amino acid changes in four of the six virus pairs. These data contrast with those for human isolates of influenza virus in that it was predominantly tissue culture-isolated equine virus and not egg-derived virus which displayed heterogeneity. Some of the molecular changes involved are located within the vicinity of the cell receptor-binding site (positions 156, 158 and 222) whereas others are in the vicinity of the HAl-HA2 cleavage site (positions 18 and 32 of HA1 and position 12 of HA2). Our results indicate that the host cell can play a part in selecting antigenic variants of equine influenza virus and suggest that the egg, and not cell culture as is the case for human isolates, is the preferred host for vaccine and antigenic studies.
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Equine influenza viruses periodically cause major outbreaks of disease which can be important socially and economically. In South Africa, a country once free of equine influenza, the horse and zebra populations were devastated by an epizootic in 1986 (Kawaoka & Webster, 1989; Rogers, 1989) and in 1987 over 80000 equine animals were affected during an outbreak in India where morbidity was high (80 to 100 %) and 448 animals died (P. K. Uppal, personal communication; Uppal et al., 1989) .
Studies on laboratory isolates of human influenza virus have demonstrated that isolation of virus in eggs selects variants with single amino acid substitutions which cluster around the receptor-binding site (RBS) of the haemagglutinin (HA) molecule (Robertson et al., I985, 1987; Katz et aI., 1987; Katz & Webster, 1988) . In contrast viruses derived from tissue culture, e.g. of Madin Darby canine kidney (MDCK) cells, are homogeneous and representative of the natural virus (Robertson et al., 1990 (Robertson et al., , 1991 Katz et al., 1990) . Such changes can occur in key antigenic sites and have been shown to affect antigenicity and to be important for vaccine t Present address: Applied Biosystems Ltd, Kelvin Close, Birchwood Science Park North, Warrington, Cheshire WA3 7TB, U.K. efficacy in animal models (Schild et al., 1983; Oxford et al., 1987; Wood et al., 1989) .
Isolation of equine influenza viruses for surveillance purposes is invariably performed in embryonated hens' eggs in which virus is further propagated for antigenic characterization and vaccine production. Previously, Cook et al. (1988) observed that the antigenicity of equine influenza virus isolates could be influenced by the host cell and later reported that antigenic differences were linked to the susceptibility to cleavage of the HA molecule (Cook & Cook, 1991) .
In order to extend these limited data on laboratory selection of equine influenza virus variants and to define any associated molecular changes, five pairs of Eq-2 (H3NS) viruses from South Africa, A/equine/ Johannesburg/86, isoIates 1 to 5 (Jo/86/I to 5) and one pair from France, A/equine/Pau/3248/83 (Pau/83) were isolated and propagated exclusively either on MDCK cells (M virus) or in the allantoic cavity of 11-day-old fertile hens' eggs (E virus). The viruses were characterized antigenically by standard haemagglutination inhibition (HI) assays using monoclonal antibodies (MAbs) raised against the HA of egg-grown A/equine/ Miami/63 and A/equine/Fontainebleau/79 or postinfection ferret sera treated with receptor-destroying enzyme.
Antigenic differences were detected in three of the six 0001-1990 © 1994 SGM virus pairs using a panel of seven MAbs (Table 1 ) and in two of the six pairs using ferret sera ( remaining three Jo/86 cell-and egg-grown pairs (Jo/ 86/1, 2 and 3) reacted with all seven MAbs.
For HI assays using ferret sera, viruses were treated with Tween 80/ether to increase the test sensitivity (Cook et al., 1988) , a treatment found to be unnecessary when using MAbs. Significant differences in HI titre (~> fourfold) were observed between MDCK and egg isolates of Jo/86/4 virus (two sera) and Jo/86/5 virus (one serum) ( Table 2 ). In each case the egg-derived viruses reacted to a higher titre with the ferret sera than the equivalent MDCK cell viruses. All the test viruses resembled the reference virus A/equine/Kentucky/81 when analysed using ferret sera, whereas with MAbs one virus from South Africa (Jo/86/4M) resembled the earlier A/equine/Miami/63 virus. This similarity to Miami/63 was also observed in an Indian isolate, A/equine/Ludhiana/87 (Uppal et al., 1989) , and other equine influenza viruses isolated in the 1980s (Hinshaw et al., 1983) .
The nucleotide sequence of the HA gene of each of the six pairs of viruses was analysed by direct RNA sequencing. Purified virion RNA was sequenced by the dideoxynucleotide chain termination technique (Sanger et al., 1977) using reverse transcriptase (Anglian Biotechnology or Life Sciences) and synthetic oligonucleotide primers as described previously (Robertson et al., 1987) . Differences between the deduced amino acid sequences of the HAs of virus pairs are shown in Table 3 . A single nucleotide difference was observed between the MDCK and egg isolates of Pau/83 which altered the coding for HA1 amino acid residue 156; the MDCK cell-derived virus had Glu whereas the egg-derived virus, in common with all other viruses analysed, had Lys. This same change has been observed between human A (H3N2) influenza viruses isolated in MDCK cells or eggs (Katz et at., 1987; Wang et aI., 1989) . One of the two antigenically distinct Johannesburg cell-and egg-grown pairs (Jo/ 86/4) differed in their predicted HA molecules at three sites, HA1 residues 32 (Asn in M virus, Asp in E virus) and 222 (Gly in M virus, Try in E virus), and HA2 residue 12 (Asp in M virus, Ash in E virus). This HA2 substitution was the only change detected in the HA2 region of the HA genes in this study. To assess whether equine MDCK-grown isolates would be selected against when passaged in eggs as occurs with human influenza virus isolates (Robertson et al., 1985; Katz et al., 1987) , Jo/86/4 M virus was additionally passaged once in eggs (Jo/86/4 M-E) and analysed by HI and sequencing. The results were identical to those obtained with the parental MDCK-grown isolate and indicate that no selection had occurred (Tables 1 and 3) .
Sequence analysis of the second Johannesburg pair that showed antigenic differences 00/86/5) revealed a mixed sequence at the codon for HA1 residue 158 in the egg-derived virus. This resulted in Glu/Gly in the E virus but the MDCK-grown isolate had Gly. Since the Jo/86/5 E virus appeared to be a mixture, attempts were made to purify the components by limiting dilution in eggs and by plaque purification on MDCK cells. Both processes yielded the virus with Gly at position 158 alone, with corresponding HI reactivity to all seven MAbs (not shown). To select for virus antigenically similar to the parent Jo/86/5 E, virus was treated with a mixture of MAbs MHC4, FHC2 and FHC3 (three different dilutions of antibody, 1:5, 1 : 10 and 1 : 100 respectively, were mixed at a ratio of 1 vol. MAb to 9 vol. viral suspension, incubated at 4 °C for 1 h and titrated at dilutions from 10 -1 to 10 -1°) before inoculation into eggs. This resulted in the successful selection of a virus which was antigenically similar to Jo/86/5 E virus and possessed Glu-158 (not shown).
One of the three antigenically indistinguishable South African pairs 00/86/3) showed an amino acid difference at HA1 residue 18 (Gin in M virus, His in E virus) (Table  3) . No amino acid differences were detected for the remaining two virus pairs, although a silent base change was observed between Jo/86/2 M and Jo/86/2 E at nucleotide 548. In addition, both Jo/86/2 isolates had a silent change at nucleotide 647 which distinguished them from the other four South African pairs. Both Jo/86/3 viruses also had silent base changes which distinguished them from the other viral pairs, at positions 482, 497 and 584. The HA gene sequence of the European virus, Pau/83, differed considerably from the five South African viruses with up to 51 unique bases (not shown).
Our results demonstrate that four out of six A/Eq-2 1 ~ ceptortding Fig. 1 . e-Carbon tracing of the H3 subtype HA molecule (Wilson et al., 1981) indicating the location of the receptor binding site and residues associated with laboratory adaptation of equine A (H3N8) viruses.
influenza viruses studied could be differentiated antigenically or structurally depending on the substrate used for laboratory isolation. In general there was more genetic heterogeneity in the MDCK cell isolates examined which contrasts with the results obtained for human viruses where substitutions were confined generally to the egg isolates (Robertson et al., 1985 (Robertson et al., , 1987 (Robertson et al., , 1990 Katz et al., 1987; Katz & Webster, 1988) . Also in contrast to human isolates, a high proportion of the equine virus pairs (two of six) had no genetic difference in their HAs. Three of the amino acid changes (positions 156, 158 and 222) associated with host cell selection of the viruses were in the vicinity of the RBS, and were also located within the proposed antigenic sites (A to E) on the H3 HA molecule (Wiley et al., 1981) (Fig. 1) . However, again in contrast to the findings observed for human influenza viruses, amino acid differences (positions 18 and 32 of HA1, and 12 of HA2) were also detected in the equine pairs at the opposite end of the HA molecule from the RBS, in the stem region close to the cleavage site. Cook & Cook (1991) reported that antigenic differences between egg-and MDCK cell-grown isolates of equine influenza virus were linked to the susceptibility to cleavage of their HA. However this could not be substantiated from our studies since Jo/86/4 M (antigenically distinct from Jo/86/4 E) had amino acid differences in both the stem region and the globular head, and Jo/86/3 M which had a single change at position 18 close to the cleavage site did not differ antigenically from the corresponding egg isolate. Substitution of HA1 residue 17 has been observed in virus adapted to grow in MDCK cells in the absence of trypsin (Rott et al., 1984) . The observation of amino acid substitutions in the vicinity of the HA cleavage site in two of the MDCK-derived viruses may similarly be related to increased cleavability of the HA in the viruses isolated on MDCK cells. The observations of Cook & Cook (1991) may be a result of substitutions occurring in both the stem region and the globular head of the HA of the virus pairs examined in that report. In summary, the selection of variants of equine influenza virus during laboratory isolation contrasts with that observed for human isolates. For equine virus, greater heterogeneity was observed within MDCKderived viruses than in egg-isolated viruses, a greater proportion of equine virus pairs had identical HAs, and in some equine isolates substitutions were located in the stem region of the HA molecule close to the cleavage site in addition to substitutions in the globular head. Changes in the stem region have not been observed for human influenza virus derived on MDCK cells. Our results indicate that the host cell can play a part in selecting antigenic variants of equine influenza viruses and suggest that the egg, and not cell culture as is the case for human isolates, is the preferred host for vaccine and antigenic studies. We have been unable to derive nucleotide sequences from the clinical specimens originally used to derive the viruses in this study. Presently, we are examining additional recently obtained clinical material by PCR, for comparison with viruses derived in eggs and MDCK cells. This should confirm the preferred host system for the propagation of clinically relevant viruses.
